Key Words: MEASUREMENT. blood gas; MONIWRING: intravascular sensor Metabolic acidosis following aortic unclamping is an unwanted but often unavoidable occurrence during elective aortic aneurysm repair'. Conventional management involves off-line measurement of multiple blood samples and intervention based on temporally delayed results, during which time the condition of the patient may deteriorate markedly. We report the first clinical use during anaesthesia of the Paratrend 7 intravascular blood gas monitoring system which provides immediate continuous graphical display of blood gas parameters in the operating room by means of a fine sensor threaded through an indwelling radial artery cannula.
oxide and oxygen, supplemented with a thoracic epidural infusion of bupivacaine and fentanyl. Increments of atracurium were administered to maintain a one-twitch response to train-of-four stimulation. Intermittent positive pressure ventilation was provided by a Campbell Mark 3 ventilator via a circle anaesthesia circuit with carbon dioxide absorption (fresh gas flow 3l.min-1 , minute volume 6.3l.min-1 ). During the time course of the events described, no alterations were made to ventilator settings. Following induction central venous access was established via the right internal jugular vein and the patient given 0.25 g/kg mannitol IV during the first 15 minutes of anaesthesia.
A Paratrend 7® (Biomedical Sensors Ltd, England) multi parameter intravascular sensor was threaded 6 cm through the arterial cannula without difficulty. Arterial pressure monitoring was established using a conventional disposable transducer connected to the side port of the sensor. The presence of the multiparameter catheter within the arterial cannula did not interfere with the quality of the arterial waveform. The Paratrend 7 monitor provided a continuous graphical display of pH, P a C02 and P a 02 with data updated every second. Calculated values for bicarbonate, base excess and oxygen saturation were also displayed. The digital interface of the Paratrend 7 was connected to an IBM-PC running dedicated software to log data to disk every two seconds, for later computative analysis. Prior to insertion into the patient, the sensor system performs a three-point calibration against internal gaseous standards using a disposable tonometer supplied with the probe. This calibration was further validated by blood gas analysis performed by the hospital biochemistry laboratory. Measurements were virtually identicial and no adjustment of the Paratrend was necessary.
An aorto-bi-iliac graft was inserted during an infrarenal clamp time of 90 minutes, anaesthesia and surgery proceeding uneventfully. Prior to declamping, the patient was assessed as normovolaemi c by the usual clinical criteria and the CVP response to a fluid challenge. Blood flow was restored to each leg independently with a ten-minute interval. Following declamping of each limb there was a small rise in end tidal CO 2 and a 10070 fall in systolic blood pressure. The Paratrend revealed a concomitant elevation in P a C02, fall in P a 0 2 ( Figure 1 ) and a precipitous fall in pH with a marked decrease in base excess ( Figure 2 ). Analysis of the Paratrend data permitted quantification of these changes with time. Prior to declamping (A, Figure 2 ) there was a slow fall in both pH (-0.005 units.hr-I ) and base excess (-0.46 mmol.hr-I ), but with reperfusion of each limb (B and C) there was a rapid fall in pH and base excess, followed by a slow return towards normal. A test dose of 50 mmol sodium bicarbonate was given, resulting in a rapid but transient ... return of both pH and base excess to normal values (D), with a small rise in P aC02. This effect dissipated following an exponential decay pattern reaching a plateau in approx 7.5 minutes (E). After the temporary perturbation due to bicarbonate administratio n the base deficit approached zero at the rate of 2.4 mmol.hr-I . Based upon these intraoperative measurements, the acid base status would be predicted to return to normal in 4.5 hours. This was confirmed by blood gas analysis in the ICU where the base excess was -1.5 mmol some four hours after limb reperfusion. Following cessation of surgery the patient was extubated and transferred to the intensive care unit (lCU). The "patient data module" supporting the intra-arterial sensor was detached from the main body of the Paratrend and travelled to ICU with the patient. Continuous blood gas analysis was rapidly reestablished in the ICU. Furthermore, Paratrend monitoring revealed that although the patient had moderate lung disease preoperatively , he could safely be given supplemental oxygen postoperativel y without causing a rise in P aC02. The patient made a satisfactory recovery and there were no local complications due to the presence of the intra-arterial Paratrend 7 sensor remaining in situ for more than 24 hours. The Paratrend 7 monitor comprises three parts. The main stand houses the graphical display, most of the electronics and the calibration gas cylinders. A removable module stores calibration and patient data and has a battery backup allowing a patient to be moved from one location to another. The intravascular sensor consists of four sensing elements: two modified optical fibres for the measurement of P a C02 and pH, a miniaturised Clarke electrode for the measurement of P a 02 and a thermocoupl e for temperature determination . The primary function of the temperature probe is for internal calculations and blood gas correction, rather than measurement of body temperature although this is displayed at the bedside. All four intravascular components are combined into a device approximately 0.5 mm in diameter. In vivo and in vitro studies have shown the sensor to be reasonably stable during clinical use for up to 200 hours in the intensive care unit environment and to have a response time of between two and three minutes following a step change of 90% of full scale 2
•
The administration of sodium bicarbonate to correct a metabolic acidosis is controversial and associated with some unwanted secondary effects 3 • The traditional approach of calculating the total dose of bicarbonate required to correct pH to normal values, and administering half, does not take into account variables such as speed of injection or volumes of distribution. In our patient, the calculated dose of sodium bicarbonate required for total correction of the post-declamp acidosis would have been 250 mmol. The rapid decay of the bicarbonate bolus effect suggests that a continuous adjustable infusion would have been a more appropriate mode of administration rather than the traditional bolus.
The use of continuous invasive blood gas measurements with results being immediately available may provide a logical basis for the optimization of patient management. Results are displayed in real time, by the bedside, in graphical form, providing a clear indication of improvement or deterioration and offering the possibility of prompt therapeutic intervention and improved patient care. This technique allows observation of the rate of change of metabolic parameters at the patient's bedside with a clarity and immediacy never before possible. The changes seen in this patient may be indicative of those occurring in all patients undergoing this type of surgery and further studies are currently being undertaken. Once we have delineated the dynamics of the metabolic response to this type of surgery we may be able to establish optimum management protocols, based on these real-time measure-ments, which will hopefully reduce postoperative morbidity. The potential applications of the instrument are numerous.
